SUMmARY Data from the Finnish Register of Congenital Malformations for the years 1965-73 were used in a search for associations between environmental influences and defects of the central nervous system (CNS). The material consisted of 710 cases of CNS defects and their matched-pair controls. Moreover, an 'internal' control group of 259 cases of polydactyly and their matched-pair controls were used. The first report gives information on variations in time and space, sex distribution, and parental age. A higher incidence of anencephaly was noted in the eastern part of the country, but no significant secular or seasonal variations were found. The sex ratio (M/F) was lower than expected in the groups of anencephaly and CNS defects as a whole. High parental age turned out to be a risk factor in the group of all CNS defects, mainly owing to the subgroup of hydrocephaly. The dangers of observational studies due to confounding factors are discussed.
This epidemiological study is based on material from the Finnish Register of Congenital Malformations. Reporting of all congenital malformations detected during the first year of life was made compulsory in Finland in 1963, the year in which the register was founded. The group of CNS defects is one of the 'detector' defects, for which extensive information is collected through the maternity welfare centres. The control for each case is the mother whose delivery preceded that of the study mother in the same maternity welfare district. The information on both the study and the control cases is collected by interviews with the mothers and from the records of the welfare centres obtained during pregnancy. Thus the information is prospective as well as retrospective. Full details of the organisation of the register have been published elsewhere (Sax6n et al., 1974) . In those instances where it was possible, the official statistics for the entire country of Finland 1965-73 (Sverdrup, 1922; Johnston and Davis, 1953; Grebe, 1963) . The addition of this group to the study enabled the testing of the association of the various environmental factors not only to the CNS defects and their control groups, but also to a group of defects with a strong genetic background.
In this report the common x2 test, the binominal test, and the Kolmogorov-Smirnov test were used for determining the statistical significances of the associations.
INCIDENCE OF ANENCEPHALY
Among 621 026 live and still births in Finland during 1965-73 there were 199 cases of anencephaly which gives an incidence of 0-32 per 1000 births. The incidence was highest in the eastern part of the country, the district of Northern Karelia (Pohjois-Karjala) having a rate of 0*61 %O.
The incidences in all the other districts were fairly uniform, the figures being well below 0 5%O. Compared with the rest of the country the higher incidence in Northern Karelia was significant at the 5% level. There was a slight difference in the incidence rates between rural (0*38 %.) and urban (0-28 %.) areas, although the difference is not statistically significant.
YEARLY VARIATION
The yearly variations in the incidence rates for the different malformations studied during the years 1965-73 were small without any overall statistical significance. Rates for hydrocephaly had a slightly U-shaped curve, with a downward trend from 1965 to 1970 and thereafter again a rising trend; there was a decreasing trend for all CNS defects, but this was not statistically significant.
SEASONAL VARIATION
Because of marked differences in the gestational age of anencephalic children in particular, the seasonal variations were studied with regard to time of birth and time of conception. As can be seen from Figs group.bmj.com on July 7, 2017 -Published by http://jech.bmj.com/ Downloaded from from the expected one (P <0 001). The overall sex ratio for CNS defects was 0 78, which is significant at the 1 % level.
In contrast to the groups of CNS defects, the group of polydactyly contained more boys than expected (1 33), but this sex distribution was not statistically significant (Table 2) . For CNS defects as a whole there was an over representation (P <0 001) of mothers and fathers in the higher age groups, which was mainly owing to the parents of hydrocephalic children (Table 3) . For anencephaly and spina bifida there was no indication of increased risk with increasing parental age (Table 3 and Fig. 3 ).
In the two parental groups of children with polydactyly there was tendency towards a U-shaped age distribution curve (Table 3 ). For mothers this tendency was not statistically significant; for fathers, with only the matched pairs as control, the finding was significant at the 1 % level. The maternal and paternal ages in the different groups were also crosschecked, and no diverging distributions could be detected.
Discussion
Anencephaly, especially in its pure form, should be an easily detectable malformation. Because of the nature of the malformation these children are not capable of surviving for long. In Finland death certificates are compulsory for all deceased and for all stillbirths from the 28th week of gestation, The certificates are centrally registered and available for inspection. Thus it is possible to have complete information on the incidence of anencephaly in the country.
The other malformations in this study were mainly not lethal, and although reporting of congenital malformations in newborns is compulsory in Finland, the reporting is incomplete and moreover many malformations are missed during the perinatal period (Hakosalo, 1973) . Therefore, no incidence figures for geographical distributions of the other malformations are reported. It was estimated that the reporting rates from the different places and hospitals are probably constant over time, and that the reports in other respects are representative. Moreover, the matched-pair system makes the findings comparable. Thus all the various factors in this report were investigated with respect to the different groups of malformations. In some instances the groups of microcephaly and hydrancephaly were too small for meaningful statistical analyses and therefore were excluded from this report.
Although anencephaly is a well-defined entity and a good detector defect, its incidence rates may be difficult to compare owing to variations in the mode of registration in different populations. However, it seems that the incidence rates for Finland and Sweden, where the malformation registers are alike, are low especially compared with those of the British Isles. Incidence rates from some other areas are listed in Table 4 .
In Finland and Sweden the incidence of anencephaly is low, 0'32 %. and 0-37 %. respectively. This is remarkable as these neighbouring (Gesenius, 1952) . Many of the time clusters reported have no explanations (Leck and Rogers, 1967; Elwood, 1973; Janerich, 1973) . Some of them, such as the one found here for hydrocephaly with a Gustav Granroth, Matti Hakama, and Lauri Sax&n downward trend in 1965-70, may be owing to random variation.
There are many reports of a winter excess of the births of children with CNS defects, especially anencephaly (Edwards 1958; Leck and Record, 1966; Elwood, 1970; Wilson, 1971) . In a report from Scotland (Elwood and MacKenzie, 1971) there was a significant winter excess for anencephaly in Glasgow but a summer excess in Aberdeen. Several studies from Europe and USA show no seasonal trend in the distribution of CNS defects (Milham, 1962; Westlund, 1969; Wehrung and Hay, 1970; Elwood and Nevin, 1973) . According to Renwick (1972 Renwick ( , 1973 blight-infested potatoes may play a role in the genesis of neural tube defects. He found a peak in the incidence of anencephalyspina bifida (ASB) in children conceived in May or June, when the risk for late blight attack of potatoes is greatest. He also maintained that the risk for an ASB defect would be roughly proportional to the amount of potatoes consumed.
In Finland the variations of the four seasons are very marked, the summers being light and warm, the winters dark with temperature peaks down to -30°to -40°C. The potato consumption per caput in 1969-70 was 263 g/day (Central Statistical Office, 1974) , which is among the highest rates reported in the world. Rates for anencephaly did not show an increased risk for any season. In the groups of spina bifida and total CNS defects the risk seemed highest in winter, but the variation was not statistically significant. As, moreover, the incidence of anencephaly is low in Finland there does not appear to be any correlation with either blighted potatoes or the amount of potato consumption.
Sex distributions of the children with CNS defects in this study are in good conformity with those in many other studies (Record and McKeown, 1949; Timonen et al., 1968; Czeizel and R6v6sz, 1970; Wilson, 1970; Hay, 1971) . The sex ratio (M/F) especially for anencephaly is low, and also in the other groups of CNS defects the sex ratio seems to be constantly below 1 0. Probably male CNS-malformed fetuses, and especially anencephalic ones, are aborted to a higher extent than female ones during early pregnancy, and some unknown factor in the female fetuses may prevent an early abortion. The sex ratio for polydactyly (1 33) was also in good conformity with the ratio for polydactyly in other reports (Hay, 1971) . Because polydactyly in a high percentage is inherited it is conceivable that this defect may be partially sexlinked.
The reports on the influence of parental age on the origin of CNS defects vary. In a large study from 12 hospitals in the USA, Chung and Myrianthopoulos (1968) found no correlations within races. Also in South Wales in 1964-66 (Richards et al., 1972 ) and New York State in 1945 -67 (Janerich, 1972 ) no correlations were found. Many authors report a higher incidence of CNS defects with increasing maternal age, especially of hydrocephaly (Record and McKeown, 1949; Ingalls et al., 1954; Hay and Barbano, 1972) , and anencephaly Jessop, 1957, 1958) . U-shaped maternal age curves with high incidences below 20 and over 35 years of age have been reported for anencephaly (Record, 1961; Wilson, 1971 ) and for both anencephaly and hydrocephaly (Edwards, 1958) . Leck (1972) reported that anencephaly and spina bifida are particularly common among first births to young mothers. Mainly only the maternal age has been studied, but Czeizel and R6v6sz (1970) found significantly higher age curves for fathers also in all groups of CNS defects except anencephaly.
The rising incidence of hydrocephaly with parental age is supported by the age-specific risk indicators given in Table 3 . For anencephaly, the relative risks did not increase with age (Table 3) even though the incidence rates showed an increasing trend with maternal age (Fig. 3 ). This complex relationship shows the dangers of observational studies: high maternal age might be associated with high risk areas or other risk factors for anencephaly. In fact, this could be shown in our material: in Northern Karelia, where the incidence of anencephaly was significantly higher than in the rest of the country the mean maternal age was 26 72 years as compared to 26 17 in the rest of the country (P <0-001). In Northern Karelia there were 4-2 % mothers over 40 years of age whereas the corresponding figure in the rest of the country was 2.7% (P <0 001). Such confounding may be the cause of the varying conclusions found in the literature on the relationship between CNS defects and parental age. 
